Introduction
The pre-replicative complex (pre-RC) required for initiation of DNA replication in eukaryotic cells is a multisubunit entity (1,2). Anchored by the origin recognition complex (ORC) (3, 4) , pre-RCs are assembled on DNA replication origins through sequential recruitment of a large number of other protein components (5) . Completion of the pre-RC assembly, signaled by origin binding of the MCM2-7 complex, primes the origins for initiating DNA replication (1, [6] [7] [8] .
Mcm10 is a DNA replication factor playing an important role in pre-RC assembly (9) . Saccharomyces cerevisiae mcm10 mutants (10, 11) are defective in the initiation of DNA replication (10) (11) (12) . The yeast Mcm10 binds chromatin throughout the cell cycle (12) (13) (14) and co-localizes with ORC, the protein complex known to bind replication origins constitutively (14) . Physical interactions between Mcm10 and ORC have also been reported (14) (15) (16) (17) , suggesting that Mcm10 is likely a component of the pre-RC (9) mcm10-1mcm7-1 double mutant (13) . The mutual suppression of replication defects correlates with restoration of interactions between the two mutant proteins, suggesting that compensatory mutations in two directly interacting proteins lead to the mutual suppression (13) . In vitro DNA replication analyses
using Xenopus egg extracts demonstrate that Mcm10 plays a critical role in recruiting DNA polymerases to the pre-RC, and that this function is dependent on its interaction with Mcm2-7 (18) . Thus, direct physical interactions may underlie the functional partnership between Mcm10 and the MCM2-7 complex. The MCM2-7 complex appears to function as a hexameric ring containing each of the six homologous proteins (19) (20) (21) (22) (23) , even though various subcomplexes have been identified (6) (7) (8) 19, 20, (24) (25) (26) (27) . How the relatively small Mcm10 (MW ~ 66 kD) (12) interacts with multiple subunits of the MCM2-7 hexamer (MW ~ 80-100 kD for each subunit) (28) , however, remains to be understood. Cook et al. 5 A sequence motif ( 309 CX 10 CX 11 CX 2 H 335 ) (13, 15) located at the carboxyl terminus of the conserved domain resembles members of a novel zinc-finger family (31) . Several classes of zinc-fingers such as the CCHH, CCCC, CCHC and CHCC families, categorized based on arrangements of the conserved cysteines and/or histidines in the motifs, have been characterized and shown to modulate their host proteins' interactions with DNA, RNA or other proteins (32, 33) . CCCH-type zinc-fingers were recently identified in a number of RNA binding proteins (31, 34) , and shown to regulate degradation of retroviral (35) Standard procedures (38) were followed for growth and transformation of yeast cells. Media containing 5'-fluoroorotic acid (5'-FOA) were used for selection against cells containing URA3-bearing plasmids as described (38) . Two-hybrid analysis was performed as described (24) . The interactions were measured as β-galactosidase activities produced in the yeast two-hybrid host strain EGY40 (39) .
The expression levels of the LexA fusion proteins in the yeast two-hybrid strains were determined by Western blot analysis of whole cell lysates with anti-LexA and anti-actin antibodies (40) .
Mcm10 expression plasmids
Plasmids used in this study are listed in open reading frame from the lysate was used as an indicator of DNA-free lysate.
The lysate was used for in vitro interaction assays (Fig. 1b) Lysates prepared as described above were used for in vitro interaction assays ( 
In vitro interaction assays
The in vitro interaction assay diagramed in treated with 500 mM NaCl, NaCl (5M) was added to the protein sample to 500 mM and samples were incubated on ice for 30 minutes before loading onto the column. The column was eluted with buffer C, and the elutes were separated by SDS-PAGE and silver stained. (Fig. 1a) .
Mcm10-44-6His and Mcm10-45-6His, however, failed to be retained by GST- (Fig. 4c, lanes 4 and 5) . When 10 mM EDTA was used in a parallel experiment, Mcm10-6His was eluted in a single wash (lanes 6 and 7). These results suggest that chelating Zn 2+ from Mcm10 disrupted the self-interaction.
Mcm10 assembles into homocomplexes
To examine whether the self-interaction leads to formation of stable Gel filtration chromatography was also performed with Mcm10-6His incubated in 500 mM NaCl or 1 mM EDTA, which had been shown disrupting Mcm10 selfinteraction ( Fig. 1c and Fig. 4c ). Under these conditions, the protein eluted in To find out whether the conserved domain assembles into homocomplexes, recombinant Mcm10CD-6His was purified (Fig. 6b) and analyzed by gel filtration chromatography using a Sepharose S300 column.
Fractions collected were separated by SDS-PAGE and silver stained (Fig. 6c, We demonstrated that the CX 10 CX 11 CX 2 H motif at the carboxyl terminus of the conserved domain is a zinc-binding motif (Fig. 4) . This motif resembles CCCH type zinc-fingers found in RNA binding proteins that control mRNA levels of tumor necrosis factors (31, 34) or retroviruses (35) . While the prototype of this zinc-finger class is a tandem repeat of two CCCH motifs (34), our data indicated that the single CCCH motif in Mcm10 binds Zn 2+ specifically, and that Zn 2+ -binding is essential for Mcm10 self-interaction (Fig. 4) . These observations The plate at the middle shows the transformants grown on SD-Ura-Leu media.
The plate at the right shows the transformants grown on 5'-FOA media. 
